The hypothesis of the possible therapeutic potential of selected species of forage crops is discussed. Extracts from genotypes of Anthyllis sp., Astragalus sp., Coronilla sp., Lotus sp., Medicago sp., Melilotus sp., Onobrychis sp. and Trifolium sp. were prepared and tested for proteinase inhibition and antioxidant activities. We found that Trifolium pratense accession POLKIE99-3 expressed the highest relative trypsin inhibition activity (80.0%) compared to standards. The highest thrombin inhibition activity (81.4%) was detected in the Medicago sativa old cultivar Hodonínka, whereas the highest relative urokinase inhibition activity (62.5%) was expressed by the local population Nitranka. Relatively high antioxidant properties of Trifolium sp. accessions, Trifolium pratense genetic resources SVKZAH98-40, were of interest. Results of this study confirmed that there are significant differences in proteinase inhibition and antioxidant activity among important selected agricultural crops. The present paper may also be the starting point of the research aimed for development of new functional food and nutraceuticals, and/or of the research focused on new secondary metabolites with potential as bioactive compounds.
Introduction
Proteolytic enzymes play an irreplaceable role in different physiological processes, development of individual, defence reactions after attacks of pathogens and infestants. These enzymes are involved in all actions of the plant life cycle, from seed germination phase to cell death. Their proteolytic activities in post-translation modification of proteins lead to activation and maturation of enzymes (limited proteolysis) and to protein degradation followed by amino acid turnover (unlimited proteolysis) (Fan & Wu 2005) . Proteinases are classified into four classes according to their catalytic mechanisms (Webb 1992) . Other large group of proteinaselinked plant proteins -proteinase inhibitors -relate to endogenous proteinases and plant defense response (Lawrence & Koundal 2002) . Proteinase inhibitors occur in storage organs (e.g. seeds) and also in the ground parts of plants. Their specificity against animal and microbial proteinases is of extreme importance (Sanchez-Serrano et al. 1986 ).
Exploiting plant extracts is both a traditional tool and a new trend in natural medicine, especially in development of plant-derived drugs and nutraceuticals. The therapeutic power of foods and feeds are discussed very intensively nowadays; and progress leads definitely to development and production of functional foods and nutraceuticals. Considering their definitions (Bloch & Thomson 1994; Lucock 2004) there is one principal distinction. Preventive and curative effects are constitutive in functional food, whereas nutraceuticals are supplied by controlled preparations de novo. Functional foods c 2011 Institute of Molecular Biology, Slovak Academy of Sciences supplemented by phytochemicals provide preventive effect on the most prevalent diseases, such as cardiovascular problems and cancer.
Experimental approaches reveal that low-molecular weight compounds possess therapeutic potential (Baker & Alvi 2004) . Most of them are inhibitors of enzymes or receptor-interacting compounds, i.e. modulators. Various successfully applied low-molecular drugs can be recognized as DNA-interacting agents, inflammatory amplificatory moderating agents, penicillinbinding protein-active compounds, various receptor agonists or antagonists, stimulators of specific enzyme production, and others. From the activity point of view, there are proteinase inhibitors, ox-redox active agents, DNA alkylation agents, nucleotide or ribose mimetics, and others (Sheraga 1998) .
Damage of physiological balance in organism often relates to malfunctions and/or alterations of proteolytic enzymes activities in physiological and pathophysiological processes. Inhibition of proteinases is one of the possible mechanisms to control undesirable activity of these enzymes. From this point of view, proteinase inhibitors could be perspective for therapy of relevant diseases, moreover, they have proven their undoubted position in pharmacological research and therapy for several decades (Rasnick 1994; Elliott & Sloane 1996; Leung et al. 2000) . Each member of this group could be comprehensively characterized as physiological agent commonly responsible for some kind of specific disorders -trypsin for pancreatitis, thrombin for haemocoagulation disorder, plasmin for thrombus events and hemorrhage, plasminogen activators and kallikreins for tumor spread and metastasis, complement glycoprotein units for immunity disorders (de Vries et al. 1996; Frecer et al. 2000; Leung et al. 2000; Bergum et al. 2001) . Reversely, there are sufficient experiences with applications of trypsin inhibitor in therapy of these diseases.
Trypsin is a typical member of the family of proteinases and representative of the specific serine proteinases, i.e. digestive enzymes with unspecific effect in peptide bonds cleaving (Roberts & Elmore 1974) . Trypsin is also a pathophysiological agent of pancreatic disorder diseases and attractive target for antipancreatitis agents. Suppression of trypsin activity leads to digestion disorders in duodenum, although compounds with mild activity could be characterized as moderators, not inhibitors, without undesired side effect (Zlatoidsky & Maliar 1999) .
Thrombin is a key enzyme in process of fibrin clot formation of the coagulation cascade mechanism. It is partially different from the trypsin by the specific P1' region-cleaving peptide bond between arginine and any bulky aromatic residue (Krishnan et al. 1998 ). Thrombin is a pathophysiological agent of coagulation disorder diseases and attractive target for thrombolytics. Certain value of the coagulation is required and physiological, in this case mild effective moderators are preferred.
Urokinase (plasminogen activator of the urokinase type) is a key enzyme responsible for activation of plasmin cascade leading to digestion of needless fibrin clot after wound or vessel closing and healing. Urokinase is a very specific serine-proteinase preferring cleaving peptide bonds beside lysine residue (Allen 1982) as well as beside arginine residue (Rijken & Groeneveld, 1991) . It is a pathophysiological agent of the cancer diseases with significant metastasis and attractive target for new oncolytics by the metastasis-blocking mechanism.
New compounds or natural extracts possessing antioxidant activity, or proteinase-inhibition activity, can be used as sources of different valuable agents. In relations to functional food, there is also a general question whether a therapeutic potential exists also in common and widely cultivated agricultural crops. Lot of plant accessions maintaining in collections of plant genetic resources in specialized facilities (gene-banks) over the world are evaluated and characterized from different points of view -taxonomical, morphological, agronomical, genetic, molecular, chemical, and others. In this regard it is very interesting if it would be possible to express also a biological activity in these plant accessions. Especially, since a health curative effect is well-known in traditional rustic medicine of some legumes, e.g. Medicago sativa L., Trifolium pratense L., and also from several systematic studies (Chang et al. 1978; Sukhinin et al. 1981; Timbekova et al. 1996; Avato et al. 2006; Booth et al. 2006; Wang et al. 2008; Sabudak & Guler 2009) . It is known that a group of peptide inhibitors isolated from seeds of Medicago sp. -Bowman-Birk family of serine proteinase inhibitors (BBI) -exhibit high sequence similarity with the BBI of soybean (McGurl et al. 1995; Catalano et al. 2003; Lanza et al. 2004) , with inhibitors (probably peptidic) from vegetative parts of alfalfa with low molecular weight, or with others nonspecified published trypsin inhibitors (Sukhinin et al. 1981) . The presence of thrombin inhibitors or urokinase inhibitors and systematic research in biological activities of alfalfa is unknown. Screening of plant extracts can lead to identification of physiologically acceptable and non-toxic compounds and can indicate whether a natural expression system in agricultural crops does exist.
Antioxidants play an important role in oxidative damages of tissues in living organisms exposed to several factors of oxidative stress. Oxidative-antioxidant balance in tissues is also under the impress of dietetic factors included in foods. Many studies evaluated antioxidant activity of phenolic compounds from different fruit and vegetable species, herbs, tea, wine, and medicinal plants (Sato et al. 1996; Wang et al. 1996; Pietta et al. 1998) . Beside this in the literature there are several records describing the antioxidant activity of the foreign crops (Sivakumaran et al. 2004; Mu et al. 2009; Sabudak & Guler 2009 ).
Antioxidant properties of many compounds are typical for hepatoprotective, vascular-protective, cardiovascular agents, as well as agents active after reperfusion/hypoxygenic events (Yue et al. 1994; Lau et al. 2002) , and also as food additives or cosmetic stabilizers.
The goals of this study were to analyze proteinase (trypsin-, thrombin-, urokinase-) inhibition activity and antioxidant activity in extracts prepared from traditional and uncommon forage crops and to compare these activities to natural (black-tea extract) and synthetic (quercetin) standards. (12), Trifolium hybridum (5), Trifolium medium (4), Trifolium fragiferum (4), Trifolium aureum (3), Trifolium alpestre (2), Trifolium resupinatum (2) Trifolium rubens (2), Trifolium alexandrinum (1), Trifolium arvense (1), Trifolium angustifolium (1), Trifolium incarnatum (1), Trifolium montanum (1), and Trifolium semipilosum (1).
Material and methods

Plant samples
Thirty to fifty seeds of each accession were sown into boxes and were grown in greenhouse conditions eight weeks.
Extracts
Extracts were prepared from one gram of native plant material by extraction in 25 mL of 80% methanol for 24 hours in darkness at room temperature. Natural standard sample for comparison of inhibition activity was prepared by similar way, i.e. 100 mg of dried-fermented tea was extracted by the same procedure. Macerates were filtered, evaporated, dissolved in 1 mL of dimethyl sulphoxide (DMSO) and stored below −10 • C. Commercially produced quercetin (18 mM) dissolved in DMSO was used as the second standard.
Sunflower oil hydrolysate ethanol (SHE) solution was prepared by alkali hydrolysis with potassium hydroxide in water-ethanol under reflux at 80 • C for 60 min, followed by extraction of released fatty acid after cooling and adjustment of pH to 5.0. Obtained fraction of fatty acids (partially unsaturated) was used for preparation of the 10% (v/v) ethanol solution as basic matrix for test of antioxidant activity of tested samples.
Proteinase inhibition activity and antioxidant activity
Analyses of trypsin, thrombin and urokinase inhibition activity in plant extracts were determined by simple photometry method using microplate reader OPSYS (Dynex, Chantilly, USA) with chromogenic substrates N-α-benzoyl-D,L-arginine-p-nitroanilide hydrochloride for trypsin, N-αbenzoyl-phenylalanyl-valyl-arginine-p-nitroanilide for thrombin, and N-glycine-arginine-p-nitroanilide dihydrochloride for urokinase. Substrates were cleaved by trypsin, thrombin and urokinase according to method described formerly (Erlanger et al. 1961; Nieuwenhuizen et al. 1977 ) and the released free p-nitroaniline was detected at 410 nm. Convenient microplate screening system was used for determination of activity of the samples. Assay consists of preparation of microplate, start of enzyme reaction, microplate reading, and data processing. (1) The value of the inhibition (percentage expression) was calculated for each sample, data processing was supported by statistic evaluation.
Antioxidant activities of samples were tested by βcarotene-linoleate model (Jayaprakasha et al. 1994 ) in reaction mixture of ethanol β-carotene solution and DMSO solution of extract sample, at 80 • C for 60 min. The optical density of control sample (0.45 mL of 10%, w/v, solution of β-carotene in SHE-solution with 0.05 mL of DMSO) and tested tubes (0.45 mL of 10%, w/v, solution of β-carotene in SHE-solution with 0.05 mL of plant extracts) were measured after heating and without heating. One hundred µL of reaction mixture was transferred into microplate wells after cooling. Physical conditions were 25 • C and the data were scanned immediately (till 1 min). The expression (%) of antioxidant activity was calculated according to the equation (1). Two standards were used to compare inhibition activities of plant extracts -quercetin solution as a commonly available standard and black-tea extract (5 mg/mL) prepared by us. Relative activity (%) (trypsin inhibition and antioxidant) compared to both standards was calculated according to the equation (2) 
Results and discussion
The Forage set contained accessions of 8 different forage species including common fodder crops exploited also at present in animal feeding (e.g. Medicago sativa and Trifolium pratense); some others being formerly known from traditional animal husbandry as natural medicines. Values of relative trypsin inhibition activities (TrIA) of analyzed samples compared to extract from black tea (Rel%BT) were higher than relative inhibition activities compared to synthetic quercetin (Rel%Q) in all extracts. Correlation between Rel%BT and Rel%Q was absolute (r 2 = 1). Trypsin inhibitors as well as other proteinase inhibitors are able to suppress proteinase activities of pathogenic microorganisms. Long ago Mikola & Suolina (1971) extracted a specific barley trypsin inhibitor suppressing Aspergilus oryzae, Bacillus subtilis, Streptomyces griseus and Alternaria tennuissima. More than 500 proteinase inhibitors and isoinhibitors occur in more than 120 plant species (De Leo 2002), many of them being found in non-storage tissues, such as leaves. This and consecutive studies indicate potential applications of proteinase inhibitors in plant protection, agriculture and biotechnology. Plant proteinase inhibitors possess specificities for animal and microbial enzymes (Sanchez-Serrano et al. 1986 ), therefore interactions of proteinase inhibitors with relevant enzymes can lead to the exploitation of natural plant inhibitors or extracts in synthetic drug development and therapeutic applications in medicine (Birk 1993; Banerji & Fernandes 1994; Mendes-Silva et al. 2003; Neuhof et al. 2003; Park & Ohba 2004) . From this point of view, mainly Trifolium pratense accessions exhibiting the highest relative TrIA in our study could be interesting for additional and relevant testing.
The Medicago set contained 82 Medicago sativa and one Medicago lupulina accessions. Most of them are registered commercial cultivars, others were obtained as landraces during collecting mission in selected areas of Slovakia, Poland, Czech Republic, Ukraine and Kazakhstan (see the list of Accessions). The relative TrIA, thrombin inhibition activities (ThIA) and urokinase inhibition activities (UIA) of extracts from their leaves were compared to the extract from black tea (Fig. 2) . The average TrIA Rel%BT was low (5.6%) compara-ble to Medicago sp. representatives analyzed within the previous Forage set. Range of TrIA Rel%BT ranged from zero to 27.8% (CZEPOD00-18, a local population collected in the Czech Republic, sample No. 71 in Fig. 2) . Generally, the TrIA of Medicago sp. extracts compared to black tea extract was low; and compared to quercetin even lower (average Rel%Q was 3.7%).
The ThIA Rel%BT ranged from zero to 81.4% (in old native cultivar Hodonínka, sample No. 75 in Fig. 2) , on average 25.7%. This predicts that secondary metabolites deposited in some Medicago sp. accessions could be considered as valuable and potential components with antithrombotic effect. Relatively high level of the ThIA expressed also three accessions collected in Kazakhstan -KAZACH90-0225H (75.0%), KAZACH90-0220H (65.9%), KAZACH90-0125H (55.6%), and also the cultivar Erecta (55.3%) (samples No. 61, 63, 64, 78 in Fig. 2) . Average values of the Rel%Q (16.1%) compared with the Rel%BT were lower. Samples with the highest ThIA could be interesting for further studies, especially when taking into account that thrombin inhibitors effective against thrombosis had been identified in extracts from different plants and also in seeds of edible plants, such as buckwheat (Sohn et al. 2006) .
The lowest detected value of UIA Rel%BT in our study was zero, the highest 62.5% (local population Nitranka, sample No. 57 in Fig. 2) , on average 16.9%. Further focusing on the Medicago sativa cultivar Nitranka could be interesting for its eventual potential to inhibit metastasis.
Distribution curves of TrIA and UIA within tested samples were unimodal, whereas the curve of ThIA was bimodal (Fig. 2) , i.e. sufficiently extensive set of Medicago sp. accessions can contain a limited number of accessions possessing high proteinase inhibition activity. The cumulative, i.e. triple proteinase inhibition activity for all the three enzymes, expressed as average inhibition activity for all of them, has been exhibited by tested extracts differently. The highest cumulative inhibition activity (TrIA+ThIA+UIA) were found 5, Trifolium arvense; [6] [7] [8] Trifolium aureum; [9] [10] [11] [12] Trifolium fragiferum; [13] [14] [15] [16] [17] Trifolium hybridum; 18, Trifolium incarnatum; [19] [20] [21] [22] Trifolium medium; 23, Trifolium montanum; Trifolium pretense; [84] [85] [86] [87] [88] [89] Trifolium repens; [90] [91] in accessions KAZACH90-0220H (41.8%), Hodonínka (37.7%) and Nitranka (35.1%). Samples from the most interesting Medicago sp. accessions, from the point of view of proteinase inhibition activity, revealed usually high activity against two proteinases, but very low or zero activity against the third one. Only the extract from KAZACH90-0220H expressed inhibition activity against all the three proteins.
Selective effects of antiproteinase agents are their very important attributes. This is a major objective in development of drugs nowadays. The selectivity index of urokinase (SIU) (i.e. inhibition activity to urokinase / inhibition activity to trypsin) ranged from zero to 39.3, but the average value was only 4.29. Similar results were in case of the selectivity index of thrombin (SITh) (i.e. IC50 of thrombin / IC50 trypsin), which ranged from zero to 75.4, but average value was only 8.0. For perspective, selectivity impact value of about 1,000 is needed. Inhibitors of proteases and their subclass peptidases important as drugs are clinically tested as perspective medicines. Abbenante & Fairlie (2005) described the clinical status of these experimental drugs and progress in their testing exploitation. Their study notified that although many of these compounds have entered clinical trials, most have not progressed as expected. The major problem is their target selectivity. Protease inhibition activity of plants is important also from the agronomic point of view. Plant proteinases and their inhibitors affect also nitrogen mineralization of plant residues in soil (Kumar et al. 2006) .
At the first glance, it is evident that antioxidant properties are interesting in Trifolium sp. accessions.
The mean value of the antioxidant activity (AOX) within complete collection of 100 accessions is relatively high 34. 9% (57.7 Rel%BT, 37.6 Rel%Q) . This indicates that secondary metabolites contained in selected Trifolium sp. samples could be valuable as natural antioxidant. The maximal observed values of AOX compared to the AOX of the black tea extract was 145.1% in sample Trifolium pratense SVKZAH98-40 (Fig. 3) , and 100.0% compared to quercetin in SVKZAH98-40, Trifolium hybrida Aurora, and Trifolium repens Ovčák. Other 30 accessions exhibited Rel%BT higher or equivalent to 100%. On the other side, 17 samples expressed zero level of the Rel%BT. Values of the Rel%Q exactly correlated with Rel%BT (r 2 = 0.969). Extensive differences of AOX within tested Trifolium sp. accessions was both surprising and gratifying. The collection of Trifolium sp. genetic resources is thus very diverse and of interest. Such high differences between species and cultivars were not identified in analyzed cereals (Mikulajová et al. 2007) .
The question concerning the nature of such different biological activity of randomly selected crop extracts is very difficult to answer without a precise chemical analysis of biologically active components. In fact, in the literature, there are many papers on chemical compositions of alfalfa, glover and marginally related crops. It is well known that alfalfa (Medicago sp.) contains phytoalexins, medicarpin, flavonoids, phenolic acids, saponins, etc. (Blount et al. 1992; Kala et al. 1996; Daniell et al. 1997) . With regard to red clover (Trifolium sp.), a number of secondary metabolites have been identified (Tebayashi et al. 2000; Delmonte et al. 2006 ) -among them maackiain (pterocarpanoid phytoalexin), well known isoflavonoids (such as formononetin and biochanin A) and hydroxycinnamic acid amides conjugated to aromatic amino acids (e.g., clovamide). In general, information in the literature about secondary metabolites analysis is relatively poor and insufficient. Moreover due to synergic effect, typical for phenolic compounds, any relevant relation to biological activity does not exist.
Evaluation of plant extracts can contribute to development of new compounds for treating neglected diseases. The large biological and chemical diversity mainly within the territory of tropical forests can lead to discovery, development and exploration of new metabolites for therapeutic value. Strategies to search for natural compounds based on ethno-botanical and chemo-taxonomical studies were described (Basso et al. 2005 ). The present work followed also the previous study on inhibition activities of limited number of phenolic compounds toward serine proteases (Jedinák et al. 2006) .
Conclusions
Extract from one Trifolium pratense accession expressed 80.0% of relative TrIA of black tea and 47.4% of relative activity of synthetic quercetin. The highest ThIA of thrombin inhibition activity of black tea (81.4%) was detected in one of the Medicago sativa accession and high level was expressed also by accessions collected in Kazakhstan. The highest relative UIA (62.5%) was expressed by local population Nitranka. The antioxidant properties of Trifolium sp. accessions were very interesting. The highest AOX compared to the black tea extract was 145.1% in sample Trifolium pratense (SVKZAH98-40), and 100.0% compared to quercetin in Trifolium pratense, Trifolium hybrida and Trifolium repens accessions. Other 30 accessions had value higher or equivalent to 100%.
The results confirmed that among important selected agricultural crops there are significant differences in proteinase inhibition and antioxidant activity. If these differences are confirmed in the subsequent studies, it should be possible to make application research focused on development of new functional food and nutraceuticals or new secondary metabolites as bioactive compounds.
